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SENSOR FOR DETECTING METEOROID PENETRATION 

OF PRESSURIZED CELLS 

By Leonard R. McMaster 
Langley Research Center 

SUMMARY 

An experimental investigation was made to determine the feasibility of using a cold-
cathode glow discharge tube to  detect the meteoroid puncture of pressurized cells. By 
using various electrode configurations, electrode materials, and ionizing gas composi
tions, several glow discharge tubes were constructed and tested to determine a combina
tion that would give operational characteristics suitable for  this purpose. 

It w a s  demonstrated that this device would operate like a switch, conducting current 
only when a particular pressure range was reached during the depressurization of a punc
tured cell. In addition, the time rate of change of current during a discharge w a s  found to 
vary proportionally with the leak rate,  and thereby puncture size could be determined. 
Particularly advantageous is the more than 80 t imes reduction in  weight of this sensor 
compared with the presently used diaphragm-actuated microswitch. 

INTRODUCTION 

The possible danger in an encounter between meteoroids and a spacecraft has 
resulted in various research activities designed to define the meteoroid environment in 
space and its effect on spacecraft. The most straightforward way of determining meteo
roid hazards to spacecraft is by penetration techniques. One such technique employs a 
simple one-shot device referred to as a pressurized cell detector. It consists of a gas-
pressurized cell equipped with a pressure sensor. When a meteoroid punctures the cell, 
the gas leaks out, and the loss  of pressure is detected by the pressure sensor (ref. 1). 

The pressure sensor presently used with pressurized cell detectors is a diaphragm-
actuated microswitch. To date, no attempt has been made to determine the s ize  of a punc
ture by use of these sensors,  even though a method exists as follows: Two switches a r e  
installed and set to actuate at different pressures ,  the time interval between their actua
tions giving the leak rate and, thereby, the size of the hole. The mass (78 g) and volume 
(34 cm3) of these mechanical switches make their  use in  large quantities prohibitive, and 
if penetration s ize  is to be obtained, as well as a record of the event, their use is even 
more undesirable because the mass  and volume are doubled. (These switches are to be 



pqrt of the meteoroid detector bumper on the Meteoroid Technology Satellite scheduled 
fo r  launch during the first quarter of 1972.) 

A review of the proposed investigation of the meteoroid population through inter
planetary space, by use of pressurized cell detectors, indicated a need for a pressure 
sensor considerably reduced in mass (0.9 g) and volume from those currently used. This 
paper discusses the development of such a pressure sensor, which can be described as a 
simple cold-cathode glow discharge tube operating with an electric potential Va applied 
across  two electrodes that are mounted inside the gas-pressurized cell (fig. 1). The 
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Figure 1.- Diagram of a cold-cathode glow discharge tube. 

applied potential is insufficient to cause a breakdown between the electrodes at the initial 
molecular density within the cell. However, when a cell is punctured in the vacuum of 
space, gas flow will occur across  the pressure differential, and the density will decrease 
to a value where a discharge, similar to that of a neon glow lamp, will occur. The glow 
discharge tube operates like a pressure switch, indicating an open circuit before a punc
ture and indicating a closed circuit, by allowing a current to flow between the electrodes, 
after a puncture. As the gas density within the detector cell continues to decrease after 
a breakdown, the current flow between the electrodes also decreases until it can no longer 
be maintained. Recording the current flow through the discharge tube then gives a history 
of the events resulting from the puncture of the detector cell, that is, a record of the gas 
leak rate; hence, the size of the puncture can be determined. 
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SYMBOLS 


A 

a0 

a1 

d 

E 

f 

i0 

K 


k 

M 


N 


NO 

P 

P 

Pi 

PO 

P1 

p2 

Q 

orifice area, m2 

constants, A 

constant, m2 

constant, ma-sec/A 

electrode separation, m 

electrostatic field, V/m 

function of i or  po 

discharge current, A 

primary current,  A 

constant, m/sec 

Boltzmann constant 

mass  of gas molecule, kg 

number of molecules in a given volume 

number of primary electrons leaving the cathode per  second 

breakdown probability 

pressure,  N/m2 

initial pressure,  N/m2 

reduced gas pressure (0' C), N/m2 

pressure upstream from orifice, N/m2 

pressure downstream from orifice, N/m2 

flow rate, J/sec 

average number of secondary electrons leaving the cathode per  primary 
electron emitted 
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current-limiting resistance, ohms 

output-signal resistance, ohms 

ratio of downstream to upstream pressure 

temperature, O K  

time, sec  

statistical time lag, sec  

volume, m3 

applied voltage, V 

ionization potential, V 

running voltage, V 

breakdown voltage, V 

number of electrons released per positive ion collision with the cathode; 
ratio of specific heats of a gas 

number of ion pairs  created by an electron in moving through a potential 
difference of 1 volt 

functions of E and po 

function of po and d 

Subscripts: 

max maximum 

min minimum 

THEORY 

Breakdown Phenomenon 

To completely understand the phenomenon of breakdown and current flow in a gas, 
it is necessary to study the fundamental principles of the motions of electrons and ions 
in gases, the statistical equilibrium of such combinations, and the various ionization pro
cesses  that can occur in the gas o r  at the electrode surfaces. These subjects, however, 
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will not be discussed in this paper, as they are adequately covered in previous l i terature 
(refs. 2, 3, and 4). The mathematical formulation of the breakdown mechanism will only 
be introduced to show its dependence on certain parameters. 

A gas in its normal state is almost a perfect insulator, but when an electric field 
of sufficient intensity is created in a gas between two electrodes, the gas can become a 
conductor. This transition from an insulating to a conducting state is called the electri
cal breakdown. However, before breakdown can occur in a previously insulating gas,  
the initial current - possibly consisting of only a few initiatory electrons - must be 
increased by some ionization mechanism. To illustrate how this occurs, figure 2 shows 
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Figure 2.- Schematic characteristic Vr = f(i) of a gas discharge between 
flat parallel plates. 

the relationship between the discharge current and the voltage drop across  a discharge 
tube with flat, parallel plates and constant gas density and temperature. Initially (point A 
in fig. 2), a state of partial ionization exists in a discharge tube even in the absence of 
light and radioactive additives. This ionization, resulting in a primary current io,is 
due to external agents such as cosmic rays  and is subject to statistical fluctuations. The 
current increases from point A to point B as more and more of the ionized gas particles 
are drawn to the cathode by the increasing electric field. The constant-current region 
from point B to point C indicates that all available ionized particles a r e  being collected. 
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Beyond point C the electric field accelerates the gas ions sufficiently to produce secon
dary ions in  such a manner that increasing the voltage resul ts  in the current increasing 
exponentially. This increasing current, caused by ion multiplication, leads to a non-self -
maintained, or Townsend discharge at point D. Increasing the voltage even further causes 
the discharge tube to  "breakdown," and the current will continue to increase to a value 
limited primarily by the resistance of the external circuitry. The region surrounding 
point E is referred to as glow discharge, and the high-current region beyond point F is 
known as arc discharge. 

The total ionization current in a discharge tube can be approximated by the equation 
(ref. 2, p. 143) 

where the ionization coefficient qi and the secondary emission coefficient y are both 
functions of field strength and gas density. At breakdown the discharge current increases 
several orders  of magnitude and thereby indicates that the denominator of equation (1) 
must approach zero. The condition for breakdown where Va = Vs is therefore 

or 

1; qidVa = ln(l + $) (3) 

Since 

and 

equation (3) can be written as 
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Hence, for a given gas composition, electrode material, and electrostatic field strength, 
the voltage at which breakdown occurs Vs is only a function of the reduced gas pres
sure  Vs = f  (po). (It should be noted that the dependence of Vs on the electrode mate
rial will be noticeable only if the electrode material is clean and degassed.) If allowance 
is made for  variation in  field strength, it is found that Vs depends on the product of the 
reduced gas pressure and some characteristic dimension of the electrode geometry, for 
example, Vs = $(pod) for  a parallel-plane electrode system with E = Vs/d at break
down. In this relationship, known as Paschen's law, the breakdown voltage exhibits a 
minimum at some medium pressure,  as shown in figure 3. At both higher and lower 

I I ~-1- I 
l o3  l o 4  lo5 1o6 

Figure 3 . - Breakdown voltage V, as a function of reduced gas pressure po. 

pressures ,  relatively large voltages are required for  breakdown. Without the increased 
electric field, the mean f r ee  path of the gas particles is too short  at the higher pressures  
for them to gain enough energy for ionization between successive collisions. At the lower 
pressures  the mean f ree  path is so long that the probability of any collision is very small. 

Since a glow discharge tube has the ability of returning to its insulating state after 
breakdown, it behaves, in essence, like a switch. When used with a pressurized cell to 
detect a puncture, it can be set up as an "ON-OFF" switch, with a loss  of signal indicating 
a drop in pressure below some preset level in the conducting region (ref. 5), or as an 
110FF-ON-OFF71switch, recording the signal produced as the pressure drops through 
the conducting region. The latter technique can also be used to measure the rate of pres
sure  change through the conducting region, with the advantage of not drawing appreciable 
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current either before or  a finite time after breakdown. This technique, therefore, was 
emphasized in this investigation. 

Breakdown Probability 

Even when the voltage applied to a discharge tube exceeds the voltage required 
fo r  breakdown, a finite time elapses before the primary current can increase to a self-
maintained discharge. This time lag consists of two parts, a statistical time lag and a 
formative time lag. The statistical time lag ts is the time necessary for the appear
ance of a suitable initiatory electron, which will become sufficiently multiplied by ioniza
tion for breakdown to occur. The formative time lag is the time necessary for  the var i 
ous ionization processes to generate a self-maintained discharge from this initiatory 
electron. (See ref. 2, p. 129.) The statistical time lag, therefore, depends on the prob
ability P that any particular electron leads to a breakdown and the number of primary 
electrons No leaving the cathode per  second, 

However, to  relate the breakdown probability to the voltage applied to the discharge 
tube, it is easier to define P in te rms  of the number of secondary electrons q being 
emitted from the cathode for  each primary electron emitted, 

where 

From the breakdown condition given by equation (3), q = 1 for Va = V,, and the proba
bility that a particular electron wi l l  cause breakdown approaches zero; that is, the statis
tical time lag for a suitable electron to appear is very long. To reduce the statistical 
time lag and allow P -.1, an overvoltage AV = Va - Vs must be applied to a discharge 
tube; for example, the overvoltage for a parallel plate geometry should be greater than 
0.25Vs (ref. 2 ,  pp. 132-133). 
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LABORATORY SETUP 

In order  to determine the optimum cold-cathode discharge tube to detect meteoroid 
punctures, a system was designed to evaluate several different experimental models. 
This system (fig. 4) consisted of a small vacuum chamber, with an internal volume of 

BELL JAR 

GAS INLET 

MECHANICAL PUMP 

Figure 4 . - Diagram of t e s t  chamber and vacuum system. 

185 cm3, chosen to approximate the volume of existing detector cells, and an O-ring 
coupling for ease in attaching the experimental gages. The pressure within the chamber 
was monitored by a strain-gage pressure transducer having a calibrated range of 0 to  
20.7 kN/m2 and a diaphragm gage with a range of 0 to 107 kN/m2. To control the pres
sure ,  the tes t  chamber was connected to a vacuum system consisting of a mechanical 
pump and a O.ll-m3 bell jar, which served as a ballast tank while the test  gas was intro
duced into the chamber through a desiccant and a metering valve. 

To study the dependence of the glow discharge tube on leak rate,  several 0.05-mm
thick stainless-steel disks, punched with holes varying in diameter from 0.025 to 1mm, 
were placed in  the tubing connecting the test chamber with the vacuum system. The 
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connecting tubing and valve were chosen so that their  conductance would be much larger  
than that of any of the punched disks used. 

The dc voltage required for  the operation of the discharge tube was supplied by a 
variable (0 to 555-volt), highly regulated, power supply with a maximum load current of 
300 mA. This power supply was monitored by a digital voltmeter with an input impedance 
of 10 Ma.  The discharge current was measured by observing the voltage drop across  a 
10-ka resis tor  in  series with the experimental model. (See fig. 5.) This voltage was 
observed with a strip-chart recorder having an input impedance of 1 M a  and 14 measure
ment ranges from 25 mV full scale to 500 volts full scale. 

TO TEST 

CHAMBER 

Figure 5 .  - Test c i r c u i t  for determining t h e  dc vol tage c h a r a c t e r i s t i c s  
of glow discharge tubes.  

In attempting to optimize the configuration of the discharge tube and operating 
parameters for the specific purpose of this experiment, four different electrode geome
t r ies  were tested. (See fig. 6 and table 1.) These different configurations were made 
by using ceramic-to-metal feed-throughs soldered into a 1.1-cm-diameter copper tube, 
1.5 cm in length, which was attached to the test chamber. 
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(a) P a r a l l e l  d i sks .  (b)  Point  and d i s k .  

' I 
! I 

( c )  P a r a l l e l  wires .  (d)  Wire and coaxia l  cyl inder  

Figure 6 . - Electrode geometries.  

EXPERIMENTAL PROCEDURE 

A cursory study of the theory of electrical breakdown in gases revealed that the 
breakdown mechanism is dependent on the geometry of the discharge tube, the electrode 
material, the applied voltage, and the ionizing gas. To simplify the investigation, the 
dependence on two of these parameters,  the ionizing gas and the electrode material, was 
eliminated. Helium was chosen as the ionizing gas because (a) its small molecular size 
would produce l e s s  impedance in flowing through the small  orifices created by micro-
meteoroid punctures, (b) its low boiling point would permit its use for deep-space probes 
by reducing the possibility of its liquefying and altering the performance of the sensor,  
(c) it is the most common t r ace r  gas used for  leak detection and hence would simplify 
reliability testing of the resulting flight sensors,  and (d) its low minimum breakdown 
potential would result  in reduced voltage and power requirement for  any flight instru
mentation. In addition, the dependence of the breakdown mechanism on electrode mate
rial was ignored because the electrode surface had an absorbed gas layer that would be 
virtually the same for  all materials unless it was removed by extensive cleaning and 
degassing. Experimental tests were then performed by varying the remaining parame
ters to obtain a discharge tube with suitable operating characteristics. 
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A preliminary model was constructed with flat, parallel disk electrodes (fig. 6(a)) 
and mounted in the vacuum system. The total resistance R1 and R2 in series with 
the glow discharge tube (fig. 5) was varied to determine its influence on the discharge 
characteristics. At a constant pressure in the conduction region (po = 6.35 kN/m2) the 
applied voltage Va was increased until breakdown occurred. While the voltage drop 
across  R2 was observed, R1 was  varied from zero to 9.99 Ma.  As the resistance 
was  increased, the voltage drop across  the discharge tube Vr  = Va - i(R1 + R2) 
decreased to a value that would not sustain the discharge. Once quenched, the voltage 
drop across  the discharge tube built back up to a level that again caused it to breakdown. 
This caused the current in the circuit to oscillate at a frequency dependent upon the time 
constant of the inherent resistance-capacitance circuit with the discharge tube behaving 
like a capacitor. This phenomenon was observed at all resistances greater than 0.5 MS1 
(table 2 and fig. 7). To eliminate these oscillations and still maintain low power consump
tion in the circuit, all further tests were conducted by using a total resistance of 0.1 Mi2 
in ser ies  with the discharge tube. 

Q
E 

+ 

E 

u’ 

A .6 
0 .2 
L

.8 1 .o 

Time, msec 

Figure 7 . - Current o s c i l l a t i o n s  f o r  glow discharge between f l a t ,  p a r a l l e l  d i sks  wi th  
ex te rna l  r e s i s t a n c e  of 1 .0  MR. (See t a b l e  2 . )  
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Paschen curves were generated for five different experimental models, two of 
which had identical electrode geometries but reversed polarity. (See figs. 8 to 12.) 
These data were obtained by holding the pressure constant within the discharge at some 
given value and increasing the applied voltage in 5-volt steps until breakdown occurred. 
The gaseous discharge was investigated throughout the pressure range from 0.207 to 
107 kN/m2 at 25' C, and the voltage was increased at l-minute intervals to eliminate the 
possibility of some transient phenomenon, or  lack thereof, preventing the breakdown from 
occurring. (Initiatory electrons leading to the breakdown of the gas are generated typi
cally by external agents such as cosmic rays,  and their appearance is thereby subject to 
the statistical fluctuations associated with that phenomenon.) 

The criterion used for determining the optimum electrode configuration was the 
lowest minimum breakdown potential observed in a comparison of the Paschen curves. 
For simplicity, the data shown in figures 8 to 12  were subjected to a second-order least-
squares f i t ,  and the resulting equations differentiated to determine both the minimum 
breakdown potential and the pressure at which that breakdown would occur (table 3). 

The geometry chosen was the wire cathode and coaxial cylinder anode with the wire 
grounded. The minimum breakdown potential for this configuration is 300 volts and occurs 
at a reduced gas pressure of 7.1 kN/m2. All subsequent data a r e  referenced to this model 
(fig. 13). In order  to use this discharge tube with a pressurized cell to detect meteoroid 
punctures, two operating parameters had to be selected, the applied voltage and the initial 
pressure within the cell and connecting sensor. The operating voltage was chosen to be 
350 volts, 50 volts greater  than the minimum breakdown potential, to insure that the dis
charge tube would break down. From the Paschen curve for this model (fig. 12), an 
applied voltage of 350 volts should cause the discharge tube to break down at the reduced 
gas pressure of 3.3 X lo4 N/m2. The initial pressure in the detector, therefore, was 
selected approximately 100 percent greater (6.7 X 104 N/m2) to guarantee that under 
reasonable temperature ranges, the discharge tube would not break down before a punc
ture occurred. The usefulness of the discharge tube to detect meteoroid punctures and 
determine the size of puncture was tested by observing the time rate of change of dis
charge current as the pressure within the detector cell decreased through the conduction 
range for a variety of simulated punctures. 

The test chamber was first flushed with helium and then pressurized to 73.3 kN/m2 
at 25O C. The voltage was applied to the sensor and held for  5 minutes to  observe any 
premature discharge. The test  chamber was then pumped out at a rate  dependent on an 
orifice in the vacuum line (fig. 4) simulating a meteoroid puncture. As the pressure 
within the detector decreased, the breakdown was recorded by the voltage drop across  
R2 (fig. 5). The time rate of change of the discharge current was calculated from this 
voltage pulse. A typical example of this discharge pulse is shown in figure 14. 
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Figure 8 . - Breakdown vol tage between f l a t ,  p a r a l l e l  d i sks  as a func t ion  of  
reduced gas pressure .  
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Figure 9.- Breakdown vol tage between poin t  anode and f l a t - d i s k  cathode a s  a funct ion of  
reduced gas pressure.  
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Figure 13.- Discharge tube (wire and coaxial cylinder electrodes) 

used to investigate determination of meteoroid puncture size. 
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Figure 14.-Discharge pulse for 0.25-mm-diameter orifice. V, = 350 volts. 
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DISCUSSION OF RESULTS 

The discharge pulse shown in figure 14 is characteristic of the current flowing 
through the experimental gage during a simulated meteoroid puncture; that is, the cur
rent after the discharge had been initiated decreased 1inearly.with time even though the 
pressure  within the detector cell decayed exponentially. In varying the size of the simu
lated meteoroid puncture, both the period of the discharge pulse and the rate di/dt at 
which the discharge current decreased seemed to be functions of the resulting change in 
pressure decay. Closer inspection showed that the period of the discharge pulse for  any 
given puncture s ize  varied by as much as 100 percent of the lowest value, whereas the 
time rate of change of discharge current was repeatable once the discharge' had been 
initiated. 

An analysis of the gas flow through an orifice and the observed linear dependence 
of the discharge current on t ime (appendix A) suggested that di/dt should be propor
tional to the area of the orifice, that is, the size o r  area of a meteoroid puncture could 
be easily determined by measuring the time rate  of change of discharge current during 
the pressure decay in a detector cell. Two discharge tubes were calibrated and the area 
of the simulated meteoroid punctures plotted as a function of di/dt. It was observed that 
as the a rea  of the orifice became very small, di/dt seemed to be approaching some min
imum value. The data were therefore subjected to a first-order least-squares f i t ,  and the 
results show that it is indeed a better f i t  than would be obtained by assuming a simple pro
portionality relationship. Figure 15 shows a log-log plot and the linear fit of the data. 
The resulting first-order equations a r e  of the form 

A = a o + a l  di 
dt 

where a, would represent a lower limit on the size of meteoroid puncture detectable by 
the discharge tube. The deviation of the data from the expected direct proportionality 
relationship is probably due to the gas flow through the smaller orifices being in the tran
sitional and molecular regime rather than in viscous flow, as assumed in appendix A. 

The e r ro r  involved in using the linear equations to determine the a rea  from a mea
sured di/dt was calculated (appendix B) and the resulting fractional e r ro r  plotted against 
the calculated a rea  from the fitted curve (fig. 16). It can be seen in figure 16 that for  an 
orifice a rea  larger  than 2.5 X 10-8ma the e r r o r  is less than 20 percent. For smaller 
holes, the e r r o r  becomes too large fo r  this method to be much more than a rough indica
tion of the hole size. Even at best, the data show that for  holes smaller than m2 the 
method becomes impractical. 
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Figure 16.- F r a c t i o n a l  e r r o r  a r i s i n g  from use of c a l i b r a t i o n  curves. 

CONCLUSIONS 

A study was conducted on the feasibility of using a cold-cathode glow discharge tube 
to observe the meteoroid puncture of pressurized detectors. This was accomplished by 
determining the optimum design characteristics for the discharge tube and then testing its 
operation by simulating meteoroid punctures with orifices ranging in diameter from 0.025 
to 1 mm. The following conclusions were drawn from this investigation: 

1. The cursory studies showed that a cold-cathode glow discharge tube could be used 
with existing pressurized meteoroid detector cells and would weigh 80 t imes l e s s  than the 
pressure sensors  currently used (0.9 g compared with 78 g). 

2. The optimum electrode geometry for  such a discharge tube was a thin wire cath
ode and coaxial cylinder anode with the wire  grounded. 

3. The characteristics of the discharge pulse obtained in detecting a meteoroid punc
ture  can be used to determine the approximate size of the hole created by the meteoroid 
and thereby an  estimate of the size of the meteoroid itself. 
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Additional study is necessary to learn if there are any adverse effects on the opera
tion of the discharge tube caused by the environment of space, for example, large temper
ature variations, solar and galactic particle radiation, and electromagnetic interference. 
Investigation of the effects of gas composition and electrode material on the discharge 
might extend the sensor range for  determining the meteoroid puncture size. 

Langley Research Center , 
National Aeronautics and Space Administration, 

Hampton, Va., July 27, 1971. 
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APPENDIX A 

DERIVATION OF THE di/dt DEPENDENCE ON ORIFICE SIZE 

According to the equation of state, 

pV = NkT 

a given quantity of gas  can be defined by the product of its pressure and volume at a given 
temperature. The rate of change of the quantity of gas  is therefore 

o r  merely 

V - 	dP 
dt 

for a constant volume. 

In viscous flow where the mean f ree  path is small  compared with the dimensions of 

the orifice, the flow depends on the ratio of low pressure to  high pressure r = p2/p1 and 
the ratio of the specific heats of the gas y. The gas flow is thus given by the following 
equation adapted from Prandtl (ref. 6, pp. 16-17): 

At low pressure ratios p1 > lop2, the gas s t reams with the velocity of sound, and the flow 
is independent of p2, that is, 

Q = KpA 

where K is the proportionality constant under the conditions of reduced pressure and 
temperature produced by the adiabatic expansion through the orifice. Since the rate of 
change of the quantity of gas in a system must equal the gas flow rate into a system (4) 
or the flow rate out (-Q), 

V - =dP -KpA 
dt 

for a system losing gas. Integrating equation (Al) and setting p = pi at t = 0 yields 

p = p.e -KAt/v 
1 


Empirically the discharge current i is observed to vary linearly with In p, inde
pendent of the rate at which the pressure decays (fig. 17), that is, 

i = a + b In p (A31 
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APPENDMA - Concluded 

Substituting equation (A2) into (A3) gives 

i = a + b(ln pi - t> 
Taking the first derivative with respect to time of equation (A4) yields 

which indicates that di/dt should be proportional to the area or size  of the orifice. 
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Figure 17.- Discharge cur ren t  as a func t ion  of pressure  f o r  d i f f e r e n t  r a t e s  of pressure  
decay depending on a rea  of pumping o r i f i c e .  
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APPENDIX B 

UNCERTAINTY IN USE OF L M A R  CALIBRATION CURVES 

A calculation of the uncertainty involved in using the calibration curves to  determine 
the orlifice area from a measured di/dt can be made from the uncertainty in fitting the 
data to a first-order equation 

diA =ao+ a 1  
dt 

considering the variation in each quantity 

A + AA = a. + Aao + (a1 + A a l ) ( S  + A 
dtdt 

o r  

ai
A + AA = a, + a1 -+ Aao + A a l z

di + a1 A 
di + A di A a ldt 

Subtracting A from both sides o� the equation and neglecting the products of the varia
tions yields the desired variation in area,  

diAA = Aao + Aal di + a1A 
dt 

The variations in the constants and a1 were determined from the root mean 
square of the area deviations about the fitted linear equation (ref. 7) (table 4), whereas 
the variation in di/dt was  estimated to be within 10 percent of the graphically deter
mined value based on the maximum and minimum slope observed in any given discharge 
pulse. Figure 16 shows a plot of the fractional e r r o r  AA/A as a function of the com
puted a rea  for the calibration curves of both experimental gages. 
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TABLE 1.- EXPERIMENTAL ELECTRODE GEOMETRIES 

[Electrode separation was 1 mm] 

Material Geometry Material Geometry 

304 stainless steel Disk, 3-mm radius 304 stainless steel Disk, 3-mm radius 

Nichrome Hemisphere, 0 .5” 304 stainless steel 1 Disk, 3-mm radius 
! \ radius ! 

Nichrome ~ Wire, 1.0-mm diameter, I
i Nichrome I

i Wire, 1.0-mm diameter, 
~ 4.5-mm length 4.5-mm length 

I
I IKovar I Wire, 0.8-mm diameter, 1 Kovar Cylinder, 2.7-mm inside 

II , 4.0-mm length diameter, 7.0-mm length
I 

Kovar Cylinder, 2.7-mm inside I Kovar Wire, 0.8-mm diameter, 

diameter, 7.0-mm length I ’ 4.0-mm length 

I 

I 



TABLE 2.- CHARACTERISTICS O F  THE GLOW DISCHARGE 

BETWEEN FLAT, PARALLEL DISKS 

F a  = 250 volts; po = 6.35 kN/my 

External Conditions at breakdown Conditions after breakdown I I 
resistance, Frequency,
R1 + R2, imin, imax, Vr = Va - im,R, 

M52 mA mA 

0.10 0.80 0.80 


0.20 0.45 160 0.45 


0.50 0.18 160 0.23 135 I 22 I 
a l . O  0.06 190 0.17 80 I 8-3 I 
10 0.006 190 0.017 80 I 1.2 I 
aSee figure 7.  

TABLE 3.- MINIMUM BREAKDOWN POTENTIAL FOR VARIOUS 

ELECTRODE GEOMETRIES IN HELIUM 

Electrode geometry 

Flat, parallel disks 
~~ 

Disk cathode and point anode 

Parallel wires 

Minimum breakdown Reduced gas 
potential, Vs,min, pressure, 

TT at Vs.min,1
320 


370 

~ 

350 


Wire anode and coaxial cylinder cathod 435 I 5.1 I 
Wire cathode and coaxial cylinder mod 300 I 7.1 I 
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TABLE 4.- COEFFICIENTS AND THEIR STANDARD ERRORS FOR A LEAST-SQUARES 

FIT OF THE DATA TO LINEAR EQUATION A = + a1 dt 

= . 

Correlation
Gage coefficient 

-


1 7.0 x 10-9 3.1 X I 8.8 X lom5 1 8.9 X 1~ -0.99975 


2 2.0X 1.5X 1 5.5X 2.8X 
.~ _-

1
- ~ -.. 

0.99993 
-.. ~ .. . 
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